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theory) ( )
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Cylindrical Algebraic Decomposition ( $CAD$) [2]
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$CAD$ 3
PROJ 1
$F=\{f_{i}(x_{1}, \ldots, x_{r})\}\subseteq \mathbb{Q}[x_{1}, \ldots,x_{r}]$ $=F,$ $F_{r-1}=PROJ(F_{r},x_{r})$ ,
$F_{r-2}=$ PROJ$(F_{r-1}, x_{r-1})$ , . . ., $F_{1}=$ PROJ $(F_{2}, x_{2})$ $\bigcup_{i=1}^{r}F_{i}$












$:P_{k}\subseteq \mathbb{Q}[x_{1}, \ldots, x_{k}]$
$C_{k-1}$
$S=(s_{1}, \ldots, s_{k-1})\in \mathbb{R}^{k-1}$
: $C_{k-1}$
for $f_{i}$ in $P_{k}$ do
$L_{i}arrow$ REALROOTISO $(f_{i}, S)$ ( )
for $L_{i},$ $L_{j}$ do










$:f\in \mathbb{Q}[x_{1}, \ldots, x_{k-1}, x_{k}](k\geq 2)$
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$C_{k-1}$ $S=(s_{1}, \ldots, s_{k-1})\in \mathbb{R}^{k-1}$


























$:f\in \mathbb{Q}[x_{1}, \ldots, x_{k-1}, x_{k}](k\geq 2)$
$C_{k-1}$ $S=(s_{1}, \ldots, s_{k-1})\in \mathbb{R}^{k-1}$
: $f$
for $i=0$ to degree of $f$ in $x_{k}$
$c_{i}arrow coefficient$ of $x_{k}^{i}$ in $f$
$I_{i}arrow c_{i}(s_{1}, \ldots, s_{k-1})$
if $I_{i}$ $0$ then










1. ( $O$ )








$:P_{k}\subseteq \mathbb{Q}[x,., xx]$ $(k\geq 2)$
$x_{k}$
: $P_{k-1}\subseteq \mathbb{Q}[x_{1}, \ldots, x_{k-1}]$
$Garrow\emptyset$
for $f$ in $P_{k}$ do
$Garrow G\cup$ { $f$ $x_{k}$ }
$Garrow G\cup$ { $f$ $x_{k}$ $B^{1}J$ }
for $f,$ $g$ in $P_{k}$ do $(f\neq g)$









$:f\in \mathbb{Q}[x_{1}, \ldots, x_{k-1}, x_{k}]$ $(k\geq 2)$
$C_{k-1}$ $S=(s_{1}, \ldots, s_{k-1})\in \mathbb{R}^{k-1}$
146
: $f$
for $i=0$ to degree of $f$ in $x_{k}$
$c_{i}arrow$ coefficient of $x_{k}^{i}$ in $f$
$I_{i}arrow$ $(s_{1}, \ldots, s_{k-1})$
if $I_{i}$ $0$ then









$:f\in \mathbb{Q}[x_{1}, \ldots, x_{k-1}, x_{k}]$ $(k\geq 2)$
$C_{k-1}$ $S=(s_{1}, \ldots, s_{k-1})\in \mathbb{R}^{k-1}$




$c_{i}arrow le$ ding coefficient of $f$ in $x_{k}$
if $f$ $0$ then
$farrow$ SYMBOLICSQRFREE$(f, S)$
$do$




















SyNRAC [6] $SyN2009$ 2009 SyNRAC
Maple $SyN2011$ $C$
$CAD$ $QE$ QEPCAD $B1.58[1]$ , Mathematica 8.0 [10]
$QE$ (adaml adam3) $QE$
(mooea, wilson, lampinen) , (Optl, opt2)
1 (CPU ( )) Intel(R) Core$(TM)i3$ CPU $U330$








$\grave{}\grave{}$ , (principal subresultant
coefficient) Collins
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A
adaml [10] Stability of Dormand-Prince fifth-order embedded seven-stage method (Example 4.4 from
Hong, et al. (1997) $)$
$\forall x\forall y((x<0\wedge x^{2}+y^{2}<\frac{99438}{100000})\Rightarrow R(x+iy)R(x-iy)<1)$ ,
where
$R(z)=1+z+ \frac{z^{2}}{2}+\frac{z^{3}}{6}+\frac{z^{4}}{24}+\frac{z^{5}}{120}+\frac{z^{6}}{600}.$
adam2 [10] Stability of a six-point upwind-based second-order accurate scheme for approximating a
two-dimensional advection equation (Example 5.4 from Hong, et al. (1997))
$2-1 \forall\alpha\forall\beta\forall C_{2}((\alpha\geq 0\wedge\beta\geq 0\wedge4(\alpha^{2}+\beta^{2})<1)\Rightarrow(B\leq 0\vee D\leq 0))$ ,












adam3 [10] Robust multi-objective feedback design (Example 4.2 from Dorato, el at. (1997))
Find the set of $n$ satisfying:
$\exists q_{1}\exists q_{2}\forall w(q_{1}>1\wedge q_{2}>0\wedge n>0\wedge$
$(n-q_{1}^{2})w^{4}+(n((q_{1}+1)^{2}-2q_{2})-(q_{1}^{2}+q_{2}^{2}))w^{2}+(n-1)q_{2}^{2}\geq 0\wedge$
$(n-q_{1}^{2})w^{4}+(n((q_{1}-1)^{2}-2q_{2})-(q_{1}^{2}+q_{2}^{2}))w^{2}+(n-1)q_{2}^{2}\geq 0)$ .
mooea: extended problem of example 1 in [3, p. 11]
$\exists x_{1}\exists x_{2}\exists x_{3} (f=x_{1}^{2}+x_{2}^{2}+x_{3}\wedge g=(x_{1}-1)^{2}+x_{2}^{2}+x_{3}\wedge$
$-2\leq x_{1}\leq 2\wedge-2\leq x_{2}\leq 2\wedge-1\leq 10x_{3}\leq 1)$ .
wilson [11]
$\exists x_{1}\exists x_{2} (f=(x_{1}-2)^{2}+(x_{2}-1)^{2}\wedge g=x_{1}^{2}+(x_{2}-6)^{2}\wedge$
$2/5\leq x_{1}\leq 8/5\wedge 2\leq x_{2}\leq 5)$ .
lampinen [8, p. 6]
$\exists x_{1}\exists x_{2} (f=x_{1}^{2}+x_{2}\wedge g=x_{1}+x_{2}^{2}\wedge-10\leq x_{1}\leq 10\wedge-10\leq x_{2}\leq 10)$ .
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